Grinding Technique for Integrated Circuits 



5 Technical Field of the Invention 

The present invention relates generally to the manufacturing of integrated 
circuits and in particular the present invention relates to a grinding technique for 
preparing integrated circuit dies for further assembly process steps. 

10 Background of the Invention 

Fabrication of integrated circuit assemblies involves a complicated process 
including many steps. Depending on the desired product, the steps may vary from 
manufacturer to manufacturer and vary for different types of circuits. The basic process 
includes producing an ingot of a substrate material such as silicon having a highly 
1 5 crystalline structure. The mgot is cut into a number of thin wafers which are further 
gromd and polished producing smooth and flat surfaces and smooth edges preferably 
free from defects such as notches, chips or other surface flaws. 

Each wafer is then subjected to a nimiber of intricate process steps to form a 
plurality of the integrated circuit patterns on one side defining an active circuitry 
20 surface. Each wafer is divided or cut into a large number of circmt dies which will 
eventually be added to integrated circuit assemblies during further process steps. Each 
die is precisely cut from the wafer to leave a layer of substrate material or scribe on the 
edges of the dies. Individual dies may be back ground to remove some of the substrate 
from the inactive surface. The scribe material is left on the edges to protect the active 
25 circuitry from damage during further processing steps and to prevent short circuits 
between the die and another active circuit or lead. 

Today's rapidly advancing technology is producing a need for ever smaller and 
more densely packed circuits and circuitry. The smaller circuits make producing 
functional and flawless circuits.more difficult. .There is a continuing need to improve 
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the process to provide a flawless, high quality integrated circuit having more active 
circuits and to do so in a smaller package. 

For the reasons stated above, and for other reasons stated below, which will 
become apparent to those skilled m the art upon reading and understanding the present 
5 specification, there is a need in the art for an improved process of manufacturing 
integrated circuits which are smaller in size and more reliable than conventionally 
manufactured components. 

Summary of the Invention 

1 0 The above-mentioned problems with present wafer manufecturing technology 

and other problems are addressed by the present invention and vsiiich will be understood 
by reading and studying the following specification. A method of producing an 
integrated circuit die of improved reliability, durability and dimensional characteristics 
is described which is useful in the process of fabricating integrated circuit assemblies 

15 and the like. 

In particular, one method of the invention adds an additional step to the 
conventional manufacturing process for integrated circuits. A die \^ch has been cut 
fi*om a wafer is fiirther ground, polished or otherwise treated to remove a portion of the 
remaining substrate or scribe layer on at least a portion of the edge of the die. Another 

20 method of the invention includes fiirther grmding or polishing the entire perimeter edge 
of a particular die to remove a portion of the remaining scribe layer thereon. Another 
method of the invention includes the additional step of grinding or polishing a bi-level 
edge on at least a portion of the perimeter edge of a die. The bi-level edge may be 
produced in one of two ways. Some of the remaining scribe material may be removed 

25 from part of the die's perimeter edge to produce the bi-level edge. Alternatively, the 
entire edge may be partly ground or polished and then fiirther grinding or polishing a 
portion of the scribe to produce the bi-level edge. This method creates a bi-level or 
stepped edge on the die. Such a bi-level edge may be produced on the entire perimeter 
edge or just a portion of the perimeter edge. 
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The methods disclosed produce an integrated circuit die which is slightly smaller 
in length and width than a conventionally produced die. The method further produces a 
die which is less susceptible to damage such as edge chipping or die cracking. A chip in 
the edge of a die produces a weak point in its edge which may cause the die to crack 

5 during further processing or assembly steps. Such a flaw or chip may also cause a short 
or otherwise damage the active circuitry of the die. 

The invention may be utilized to produce a slightly smaller die having the same 
circuit capacity as a die which has not undergone the process of the invention. A 
smaller die may be useful in applications where one previously would have been too 

10 large taking up too much space within an integrated circuit assembly. Alternatively, the 
invention may be used to produce a die havii^ increased circuit capacity with no size 
increase. In particular, some electronic packages require integrated circuit assemblies of 
a particular maximum size including the plastic encapsulation material. A die which 
has had most of the remaining scribe removed from the edges saves length and width 

15 permitting a die having more circuit capacity to be used within an application without 
increasing the size of the assembly. 

Brief Description of the Drawings 
Figure 1 is a schematic depiction of the typical steps involved in a conventional 
20 integrated circuit manufacturing process; 

Figure 2 is a top plan view of an integrated circuit die prior to undergoing the 
grinding technique of the invention; 

Figure 3 is a top plan view of the integrated circuit die of Figure 2 after 
undergoing the grinding technique of the invention; 
25 Figure 4 is an elevated perspective view of an integrated circuit assembly 

including the die of Figure 3 prior to encapsulation of the assembly in plastic; 

Figure 5 is an elevated perspective view of the integrated circuit assembly of 
Figure 4 after encapsulation; and 
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Figure 6 is a side view of an integrated circuit die having bi-level edges 
produced using grinding techniques of the invention. 

Detailed Description of the Invention 

5 In the following detailed description of the preferred embodiments, reference is 

made to the accompanying drawings which form a part hereof, and in which is shown 
by way of illustration specific preferred embodiments in which the inventions may be 
practiced. These embodiments are described in sufficient detail to enable those skilled 
m the art to practice the invention, and it is to be understood that other embodiments 

10 may be utilized and that logical, mechanical and electrical changes may be made 
without departing from the spuit and scope of the present inventions. The following 
detailed description is, therefore, not to be taken in a limiting sense, and the scope of the 
present inventions is to be defined only by the appended claims. 

The basic process for fabricating integrated circuits is known in the art and is 

1 5 illustrated m the simple schematic representation of Figure 1 . An ingot of silicon 
crystal is produced by refining a raw material, such as quartzite, by a complex multi- 
stage process to produce an electronic grade polysilicon substance. The substance is 
used to grow single crystal silicon ingots by one of several known processes. The 
silicon crystal ingot is then sliced into a number of very thin wafers producing the 

20 starting substrate for an integrated circuit. 

Each wafer is then ground, polished or otherwise treated to produce very 
smooth, flat substrate surfaces and smooth, flawless edges. One process typically used 
to finish or treat the wafers is known as chemical mechanical planarization or CMP 
which is well understood in the art. Each wafer is then individually processed through a 

25 number of steps to form the active circuit pattems on one surface of the wafer. These 
steps may include adding or depositing material on the wafer, masking out a pattern on 
the wafer, etching a pattem on the wafer and other methods well known in the art. At 
- the time of this writing, for example; atypical wafer may be about 1 50 - 200 mm (6-8 
in) in diameter and about 0.25 - 0.50 mm (10 - 20 mils or 0.01 - 0,02 in) thick. 
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The wafers are then evaluated to locate and identify any flawed or damaged 
circuits. The wafers may then, as an option, be further tested to determine which 
individual dies are "known good dies" as known to those skilled in the art. Once the 
active circuitry is formed, the wafer is sawed or diced into a number of mtegrated circuit 

5 dies. The functional dies are then picked off of the wafer and used to produce integrated 
circuit assemblies. The dies are bonded to a circuit substrate material, leads are attached 
or formed and connected to the circuitry, and the entire assembly is then further 
encapsulated in a plastic material to produce a iBnal integrated circuit assembly. The 
present invention is directed to an improved integrated circuit die and a process for 

1 0 forming the die, the process including the further manufacturing step of grindmg, 

polishing or otherwise treating one or more of the perimeter edges of an individual die. 
The invention enhances the further integrated circuit process and assembly steps to 
produce a more durable die of either a smaller size or having a denser circuitry with 
more circuitry per unit volume of die substrate material. 

1 5 Referring now to the drawings, Figure 2 illustrates a top plan view of an 

integrated circuit die after it has been cut or sawed from a silicon wafer. Figure 3 
illustrates the integrated circuit die after undergoing the additional manufacturing 
process steps of the invention. As shown in Figure 2, circuit die 10 includes active 
circuitry 12 embedded in the silicon material and formed in layers on an active surface 

20 14 of the die* Die 10 further includes a bottom or inactive surface 16 (shown m 

Figure 6) opposite the active surface which abuts a surface of a substrate 17 to which 
the die is bonded in a later process step. Figures 4 and 5 illustrate an integrated circuit 
assembly prior to encapsulation (Figure 4) and after encapsulation in plastic (Figure 5). 
Die 10 also includes at least one perimeter edge 18 and will likely include four such 

25 edges. As illustrated in Figure 4, a typical integrated circuit die 10 is generally 
rectangular. 

As shown in Figure 2, the active circuitry 12 of die 10 terminates inboard from 
each perimeter edge 18 of the die. The circuitry terminates at a last metal mterconnect 
20 defining the outer active circuitry limits for the die. A layer of remaining scribe 
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material 22 is purposely left protecting the active circuitry 12 on the perimeter edges 18 
to prevent open or short circuits and malfunctions within the circuitry and to protect the 
circuitry from damage during further process and assembly steps. As noted previously, 
back grindmg the die to reduce and flatten the substrate material layer on the inactive 

5 surface 16 is known. 

As is illustrated in Figure 2, the unused buffer of silicon or scribe 22 typically 
has a microscopically rough surface forming a plurality of chips, nicks or other 
irregularities 24 on the surface and edges of the die. The depth and frequency of these 
irregularities will depend on many parameters in the formation of the die. Particularly, 

10 the sharpness of the blades used to saw each wafer from the ingot of silicon material and 
to saw each die from a particular wafer has an effect Other factors which affect the 
surface quality of the die include the temperature of the blade coolant utilized during the 
cutting operations and also the speed of the rotating saw blade. 

One problem caused by the irregularities 24 on the perimeter edges 18 of the die 

15 is that they produce weak points in the silicon or other substrate material. The weak 
points may ultimately form cracks in the substrate material as the die imdergoes fimher 
process and assembly steps. A crack in the die may produce imwanted open or short 
circuits or otherwise damage the active circuitry 12 rendering the die non-functional or 
defective. 

20 An additional problem with the remaimng scribe 22 is that it inherently 

increases the width and length dimensions of each die 1 0, Another problem with a 
conventional integrated circuit die as shown in Figure 2 is that the perimeter edges 1 8 
do not have an extremely flat finish which is highly desirable in known good die 
applications. Additionally, some substrate materials used to produce integrated circuits 

25 such as gallium arsenide or GaAs are more susceptible to surface flaws and edge 
damage than other substrate materials. 

Figure 3 illustrates integrated circuit die 10 after undergoing the additional steps 
of the invention. The layer of remaimng scribe 22 as it was prior to reduction is 
illustrated in phantom view in Figure 3 (and also in Figure 6 which is discussed below). 
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The invention involves further removing the layer of remaining scribe 22 on the die and 
also increasing the smoothness and flatness of the perimeter edges 18 of a die. After 
separating a wafer into a plurality of dies, each die is further ground or polished by the 
process of the invention to remove a substantial amount of the remaining scribe 22 and 

5 reduce or eliminate any irregularities 24 m the edges 1 8. Thus, a die which has a 
smaller length and width and which has much smoother and flatter edges is produced. 

As an illustrative example, a die may have a layer of material on each edge 
which is about 25-50 \im (1-2 mils) thick. Hiis will increase both the lengtii and the 
width of a die about 50-100 \im (2-4 mils). The process of the invention is intended to 

1 0 remove most of this layer of material, leaving only enough material to prevent exposure 
of the active circuitry of the die. A size reduction of nearly 100 \im m length and widtii 
may be quite significant in some ^plications. 

Reducing or eliminatmg irregularities 24 elhninates or at least substantially 
reduces the possibility of cracks forming in the imused substrate material surroundmg 

15 the die during further process and assembly steps. Thus, the occurrence of cracks and 
open or short circuits in the active circuitry of tiie die is also prevented or substantially 
reduced. 

Additionally, removing most of the remaining scribe and reducing the size of the 
die allows for one of two conditions to be used to significanfly improve integrated 

20 circuit assemblies. The mvention may be utilized to produce a slightiy smaller die 

having the identical circuit density. Typically, very precise design constraints exist for 
the outer dimensions of integrated circuit assemblies and also for the minimum amount 
of plastic encapsulating material required to surround an integrated circuit. In some 
cases, the integrated circuit die size is nearly as large as the size limit of the final 

25 package design criteria, leaving little room for the encapsulating plastic material. By 
removing scribe material via the process of the invention, more encapsulation material 
may be added without increasing the size of the assembly. Thus, a particular die having 
the desired circuitry may be utilized in a package where it would have otherwise been 
too large. 
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Another embodiment of the present invention is illustrated in Figure 6. A die 50 
is shown having bi-level perimeter edges 52 and 54. The bi-level edge 52 is formed by 
polishing or grinding down one portion 56 of the side edge to reduce the layer of 
material of that portion. The remaining portion of edge 52 has been left as initially 

5 formed on the die producing the stepped or dual thickness bi-level edge 52. Bi-level 
edge 54 is produced by grinding or polishing an entke edge to reduce the layer of scribe 
material to a first level 58 and then further grinding one portion 60 of the edge more 
than the remainii^ portion of the same edge. Bi-level edge 54 includes the preferred 
benefit of having the entirety of each edge subjected to the process of the invention and 

10 not just a portion of each edge. 

The additional step of grinding or polishing an integrated circuit die 10 
according to the invention may be performed using one of several known processes and 
methods. For illustration purposes, the CMP process will be briefly described. A 
circuit die may be held by a carrier and forced against a rotary grinding disc or polishing 

15 pad. The pad or disc is typically impregnated with a chemical or abrasive slurry which 
contacts the die edge to remove a portion of the scribe fi:om the edges 1 8 as the pad or 
disc rotates. Altematively, a mechanical gripping device such as a "tweezer"' type 
device may be used to hold the die with an edge 18 adjacent the polishing pad or 
grinding disc. As will be evident to those skilled in the art, the invention is not to be 

20 limited to a particular process of performing the grinding technique of the invention, but 
only to the steps as described for further removing some of the remaining scribe from 
the edges and surfaces of an integrated circuit die. 

Although specific embodiments have been illustrated and described herein, it 
will be appreciated by those of ordinary skill in the art that any arrangement which is 

25 calculated to achieve the same purpose may be substituted for the specific embodiment 
shown. This application is intended to cover any adaptations or variations of the present 
invention. Therefore, it is manifestly intended that this invention be limited only by the 
claims and the equivalents thereof. 



